Marinobacter is inhibited by some component of Corexit 9500 or the CEWAF remains to be 127 resolved (26) . 128
Like Marinobacter, the abundance of Cycloclasticus increased primarily in the absence of 129 dispersants. In WAF treatments, the relative abundance of Cycloclasticus increased from 12% to 130 23% after 1 week and an oligotype (type 03) closely related to Cycloclasticus pugetii ( Fig. 2c  131 and SI Appendix Fig. S10 ), which degrades naphthalene, phenanthrene, anthracene, and toluene 132 as sole carbon sources (32), increased substantially. Cycloclasticus also increased slightly in 133 relative abundance in the CEWAF+nutrients treatment (Fig. 1b) , but less so than in the WAF 134
treatment. 135
Oceaniserpentilla (a.k.a. DWH Oceanospirillum (33)) abundance decreased consistently 136 across treatments and their abundance did not correlate with the presence or absence of WAF, 137 dispersant or CEWAF (±nutrients) (Fig. 1b, 2d , and SI Appendix (Fig. 3 a, b) . These two hydrocarbon classes are chemically distinct and PAHs are inherently 172 toxic and mutagenic (36). Naphthalene concentrations in the WAF treatments exceeded 173 hexadecane concentrations, as expected given the relative solubility of the two compounds (e.g. 174 naphthalene and hexadecane solubility at 25ºC are 31.6 and 9×10
-4 mg L -1 , respectively). 175
Hexadecane oxidation rates were significantly (T 3 and T 4 : p = 0.004) lower in dispersant-176 only and CEWAF (±nutrients) treatments (Fig. 3a) , implying that dispersants suppressed 177 hexadecane degradation. Similarly, naphthalene oxidation rates in the WAF treatments were 178 significantly (T 3 and T 4 : p <0.0001) higher than those in dispersant-only and CEWAF 179 (±nutrients) treatments, indicating that dispersants inhibited also microbial naphthalene 180 degradation (Fig. 3b) . Biodegradation of other n-alkanes and PAHs could be similarly decreased 181 or inhibited by dispersants. 182
Rates of 3 H-leucine incorporation showed that bacterial protein synthesis was highest in 183 WAF treatments, particularly at later time points ( Fig. 3c ; SI Appendix Table S1), underscoring 184 that dispersant-only and CEWAF (±nutrients) did not stimulate bacterial production to the same 185 degree (T 3 and T 4 : p <0.001). We observed similar patterns for exoenzyme activities indicative 186 of potential bacterial degradation rates of carbohydrate-and protein-rich exopolysaccharides 187 (EPS). All enzyme assays exhibited up to one order of magnitude higher activities in the WAF 188 and dispersant-only treatments compared to the CEWAF (±nutrients) treatments (Fig. 3d-f , SI 189 Appendix Table S1 ). 190
Results from gas chromatography-mass spectrometry (GC-MS) and excitation/emission 191 matrix spectra (EEMS) confirmed variable rates of oil-derived hydrocarbon degradation across 192 treatments. Concentrations of n-alkanes and hexadecane decreased more significantly in WAF 193 treatments (SI Appendix Fig. S13 ). However, addition of dispersant led to changes in degradation 194 patterns for individual compounds. In the WAF treatment, microorganisms preferentially 195 degraded low molecular weight n-alkanes (<C20) relative to high molecular weight (≥C21) 196 compounds and the isoprenoids, pristane and phytane. In the dispersant treatments, this pattern 197
was not observed (SI Appendix Fig. S14 ). The temporal changes in n-alkane concentration (SI 198 Appendix Fig. S13 ) supported the rate data (SI Appendix Table S1 ), and underscored the fact that 199 oil degradation was highest in WAF treatments and that addition of CEWAF+nutrients did not 200 generate higher overall hydrocarbon degradation rates. In the CEWAF (±nutrients) treatments, DOSS decreased significantly (p <0.05) after 213 6 weeks (SI Appendix Fig. S15a ). No significant change in EHSS concentrations was observed in 214 CEWAF (±nutrients) treatments (SI Appendix Fig. S15 b) , indicating that DOSS was converted 215 to other products. This observation was supported by the formation of sulfur-containing 216 spectrometry (FT-ICR-MS) (39) (Fig. 4f and 4g ). In the CEWAF (±nutrients) treatments, the 218 nonionic surfactants were at or below detectable levels at time zero, inferring that they probably 219 associated with residual organic phase that was removed during CEWAF preparation. However, 220 similarly to dispersant-only setups, low concentrations of nonionic compounds and DGBE could 221 have served as additional microbial growth substrates in CEWAF (±nutrients) amended 222 treatments. 223
Molecular characterization of dissolved organic matter 224
Most compounds remaining in weathered oil-contaminated fluids fall outside the GC-amenable 225 analytical window (40), and conventional GC analysis (41) did not detect roughly 60% (on a 226 mass basis) of compounds in Macondo crude oil. The FT-ICR-MS analysis further supported the 227 conclusion that significantly more oil-derived dissolved organic molecules were degraded in the 228 WAF compared to CEWAF (±nutrients) treatments, underscoring a more extensive degree of oil 229 biodegradation in the absence of dispersant (Fig. 4) . 230
Between 50 and 74% of the degraded compounds were highly unsaturated CHO molecular 231 formulae ( Fig. 4a, incubations exhibited the highest rates of degradation of oil-derived nitrogen-containing 237 compounds (ca. 8% of the initially present formulae vs. ~1% in the CEWAF treatment, 238 respectively) (39). In the WAF treatments, protein synthesis rates significantly exceeded those in 239 the dispersant-amended treatments (T 4 : p = 0.0002), and a 31% decrease of seawater-and oil-240 derived dissolved organic nitrogen (DON) concentrations in these treatments indicates that the 241 generation of microbial biomass was supported by significant rates of nitrogen uptake (SI 242
Appendix Table S1 ). The enhanced uptake of oil-derived organic nitrogen underscores that oil 243 can serve as an important nitrogen source when oil-degrading microbial communities are 244 nitrogen limited (43). Microbial communities, especially in WAF treatments, assimilated phosphate but were never 274 phosphate limited (SI Appendix Table S1 ). 275
To further unravel factors that regulate activity of key bacterial taxa, we determined 276 statistically significant relationships between experimental conditions (geochemistry, cell counts 277 and microbial activity) and oligotype abundances. Distinct trends were apparent for Colwellia, 278
Marinobacter, Oceaniserpentilla, and Cycloclasticus as were correlations for specific oligotypes 279 (SI Appendix Table S2 
Evaluating the utility of dispersants 294
Dispersants are used globally as a response action after oil spills to disperse oil slicks, enhance 295 the relative oil surface area in water, and to stimulate microbial hydrocarbon degradation. During 296 the DWH, the deep-sea application of dispersants was unprecedented. The data shown here do 297 not support dispersant stimulation of oil biodegradation, questioning the utility of dispersant 298 application to pelagic ocean ecosystems. Different results could be expected in pelagic 299 environments that are not characterized by natural oil seepage. However, it seems unlikely that 300 dispersants would stimulate hydrocarbon degradation in a system that lacks a substantial 301 population of hydrocarbon degraders when they had no effect in samples from a system that was 302 primed for oil degradation (e.g., oil degraders account for 7-10% of the natural microbial 303 population at GC600 (18)). In fact, the presence of dispersant selected against the most effective 304 hydrocarbon degrading microorganisms (Marinobacter). This multi-disciplinary data set strongly 305 suggests that dispersants negatively influenced microbial hydrocarbon-degradation rates, with 306 maximal oil-degradation rates occurring in WAF treatments. Though we quantified degradation 307 and PAHs may be similarly decreased or inhibited by dispersants. Quantification of the total 309 crude oil showed that the highest levels of oil biodegradation occurred in treatments without 310 dispersants. While microbial activities in CEWAF (±nutrients) microcosms were comparable for 311 1 week, rates were stimulated by nutrients in the later time points (e.g. hydrocarbon oxidation 312
rates after 4 and 6 weeks), suggesting progressive nutrient limitation. Clearly, there was no need 313 to chemically jump-start oil biodegradation through dispersant application in deep Gulf waters. 2-L glass bottles (1.6 L sample per bottle) on a roller table (Fig. S2) . Treatments (WAF, 328 dispersant-only, and CEWAF±nutrients) and controls (abiotic, biotic) were set up in triplicate for 329 each time point. Sampling (except for the CEWAF+nutrients treatment) was performed after 0 330 days (T 0 ), 1 week (T 1 ), 2.5 weeks (16 days; T 2 ), 4 weeks (T 3 ), and 6 weeks (T 4 ); 331
CEWAF+nutrients treatments were sampled at T 0 , T 1 and T 4 . Water accommodated fractions 332 (WAFs) were prepared by mixing pasteurized seawater with oil and/or dispersants for 48 h at 333 room temperature and subsequently sub-sampling WAFs, excluding contamination by oil or 334 dispersants phases; see also SI Appendix. 335
Molecular, microbiological and geochemical analyses 336
Nutrients (nitrate, nitrite, phosphate, and ammonium), DIC and oxygen as well as hydrocarbons 337 (48) and dispersants concentrations were monitored during the course of the experiment (see SI 338
Appendix). Microbial community evolution and cell numbers were investigated for each sample 339 using 16S rRNA amplicon Illumina sequencing (Bioproject accession PRJNA253405), 340 computational oligotyping analysis (27), and total cell counts (see also SI Appendix). Activity 341 measurements were performed using enzyme assays (peptidase, glucosidase, lipase) (49), 3 H-342 leucine incorporation analysis (50), as well as a newly developed method for the analysis of 14 C-343 hexadecane and 14 C-naphthalene oxidation (see SI Appendix). TEP analyses were carried out for 344 controls and oil-only treatments (51) and CARD-FISH analysis (52) were performed in particular 345 for microbial-aggregate formations in nutrient treatments (SI Appendix). Oil-derived 346 hydrocarbons were extracted from water samples using a mixture of hexane:dichloromethane 347
(1:1, v/v). After concentration, hydrocarbon compounds were identified and quantified by Gas 348 Chromatography/Mass Selective Detector (GC/MSD) using conditions described previously (53) 349 (see SI Appendix). Analysis of the surfactant components of the dispersant Corexit was 350 performed as described elsewhere (13) (Table S1 ). c, 529
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